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[bookmark: _Ref498695907]Introduction
The Rel-15 WI on “Even further enhanced MTC for LTE” [1] has the following WI objective for machine-type communications for BL/CE UEs:
· Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance
The topic was discussed in several contributions in recent meetings, and RAN1 has agreed to consider the following list of possible improvement candidates [2]:
· Techniques for system acquisition time reduction to be considered:
· PSS/SSS
· Enhanced (e.g. repeated) PSS/SSS based on PSS/SSS or NPSS/NSSS design
· Use of NPSS/NSSS on NB-IoT anchor carrier
· PBCH
· Enhanced (e.g. repeated) PBCH based on PBCH or NPBCH design
· Use of NPBCH on NB-IoT anchor carrier
· Combining across 40-ms PBCH periods (unless already part of Rel-14 demodulation requirements)
· New mechanism allowing to skip MIB message reading
· SIB1-BR
· Additional repetitions of SIB1-BR
· Accumulation across SIB1-BR modification periods (unless already part of Rel-14 demodulation requirements)
· New mechanism allowing to skip SIB1-BR reading
· E.g. SI update indication or other indication in MIB or another channel
· SI messages
· Additional repetitions of SI messages 
· Accumulation across SI modification periods
· New mechanism allowing to skip SI message reading
· E.g. SI update indication or other indication in MIB or another channel

Some of these candidate techniques relate to changes in RAN1 specifications, others can be isolated to RAN2 or RAN4, and yet others will require decisions in more than one of the working groups. For example, enhanced PBCH decoding algorithms are currently studied in RAN4 in order to reduce the MIB acquisition time. In RAN2, mechanisms for skipping MIB/SIB1-BR/SI message reading are being discussed. In this contribution, we further elaborate on possible enhancements to the time and frequency synchronization for reducing system acquisition time.
Resynchronization signal (RSS) 
Signal properties
Time and frequency synchronization contributes to a significant part of the total system acquisition time. This holds both for initial cell search and system acquisition, as well as for resynchronization scenarios. And while the other components addressed in the WI objective – namely MIB, SIB1-BR, and SI message acquisition – can be addressed with improved receiver algorithms and reduced requirements on system information reading, the basic time and frequency synchronization needs to be done regularly, for example to be able to monitor paging, perform RRM measurements, or perform random access procedures. 
In [3] we suggested that a new enhanced synchronization signal is introduced for the purpose of improving resynchronization performance – here referred to as a resynchronization signal (RSS). We made the following proposals, which are repeated here for the reader’s convenience:
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At RAN1#91bis, two Way Forward documents for the general structure of and evaluation assumptions for enhanced resynchronization were presented [4][5]. Based on these, the following agreements were made, taken from [6]:Agreement:
· Additional assumptions that can be used for evaluation of improved cell search and/or system information acquisition performance for UEs with apriori information (on top of the assumptions for evaluation of reduced system acquisition time already agreed in R1-1706583):
· Carrier and cell are assumed to be known to the UE.
· The system information is assumed to be unchanged.
· UE power consumption model from the power saving signal evaluation assumptions in R1-1714992
· RTC timing drift model from the power saving signal evaluation assumptions in R1-1714992
· Scenarios B and C from the power saving signal evaluation assumptions in R1-1714992
· Further scenario D: 4-hour Power Saving Mode (PSM)
· Additional evaluation metrics that should be reported if the proponent of a proposed solution think they are relevant and significantly impacted by the proposed solution (on top of the metrics listed in R1-1706583):
· Performance impact on legacy UEs
· UE power consumption impact
· Inter-cell interference sensitivity
· Additional assumptions that are used in the evaluation should be declared.


We present some initial evaluation results in Section 2.4 below, but some of the general aspects of a resynchronization signal will be discussed first.
Configurability
As discussed and proposed in [3], it is beneficial if the RSS can be configured in terms of at least the time/frequency resources used for each burst, and the periodicity of the bursts. Some evaluations of these parameters will be shown in Section 2.4.
In general, when configuring an RSS, the following aspects can be taken into account:
· Enabling efficient synchronization for a targeted class of UEs in the sense that there is a large probability that such UEs can obtain synchronization using a single RSS burst. 
· Parameters classifying targeted UEs may, for example, concern
· Targeted MCL in the cell,
· Typical (e)DRX cycles configured in the network, along with possible Wake-up signals configured in the network and supported by the network,
· Typical traffic patterns such as sensor reporting intervals,
· Viable solutions also for UEs not belonging to the targeted classes, or when single-burst reception fails for other reasons. For example, it would be beneficial if the UE is able to combine information obtained from several sync bursts. It will still be beneficial for such a UE to use the RSS, without the additional network overhead that would be required to tailor the RSS towards these UEs.
· The amount of total overhead should be kept limited. There may for example be a tradeoff between the amount of resources occupied by each burst, and the periodicity of the bursts. This tradeoff is related to what parameters above are considered as the main target. For example, UEs in high  MCL conditions but with low activity patterns may favor long but infrequent RSS bursts, whereas more active UEs in moderate MCL conditions may favor shorter but more frequent RSS bursts.
In order to evaluate different options with respect to configuration of the amount of used RSS resources without being limited by constraints imposed by the legacy time/frequency grid, it is for now assumed that the RSS is located outside the center 6 PRBs. This doesn’t preclude that the RSS in the end may actually reside in this region. Thereby it would be possible to use e.g. the legacy PSS/SSS transmitted in the center 6PRBs, as part of the signal used for improved synchronization. This option is however not explored in this contribution. 
Information content
The primary purpose of the RSS is to recover frequency and time synchronization with the network. However, in a scenario where mobility must be considered, it may be necessary to confirm that the UE is actually synchronizing to the correct cell. This is for example valid for paging, e.g. when a wake-up signal is used, as discussed in [7]. Here, it is sufficient to note that there is a large benefit if the RSS can be used to for cell confirmation, similar to the legacy PSS/SSS. It is thus proposed that the information about the Cell Id is somehow conveyed with the RSS. This can be done, e.g., by using the actual PSS/SSS signals, or by encoding the Cell Id in the signal in some other way. 
[bookmark: _Toc494414594][bookmark: _Toc494414973]It was observed in [3] that it may be beneficial to convey also other information in the RSS such as indication that the MIB or some other system information has changed, or access barring information. Thereby, it is possible that the system acquisition time may be reduced. Related to this, it has been agreed in RAN2 that a 1-bit indicator will be added to the MIB to indicate whether the contents of SIB1-BR have changed. This may partly reduce the benefit of introducing the proposed information also in the RSS, but if MIB reading can be omitted, this may further reduce the system acquisition time. Therefore, it is proposed that RAN1 shall continue to evaluate the performance of such options, and put that into relation with the effort spent on MIB reading. 
[bookmark: _Ref498341707]Evaluation results
We will now present some initial results related to specific choices of RSS sequences and configuration parameters. The simulations are based on the assumptions in [8]. In these simulations, some base performance will be established by using an RSS sequence constructed the same way as the PSS, namely as a length-63 Zadoff-Chu sequence. This base sequence is generated in frequency domain, converted into time domain using a size-128 IFFT with a cyclic prefix of 9 or 10 samples. This base time sequence is then repeated over 11 subsequent OFDM symbols in each subframe, avoiding the PDCCH region. For each OFDM symbol, the sequence is multiplied with same cover code as for NPSS, which was selected for good suppression of peaks related to adjacent OFDM symbol timings. This combined sequence is then repeated over up to 8 consecutive subframes, using an additional cover code. 
In a typical receiver implementation, a correlation operation will be performed on the short time sequence, and the output of the correlator is stored in order to accumulate between different instances. This is similar to a typical implementation of the PSS reception for initial cell search. Each of the repeated base time sequences will contribute with a peak after the correlator, which can be added constructively using the applied cover code in order to produce a combined peak that can be detected. If the propagation channel is fairly constant over the transmission, and if there is no or only a small frequency error, coherent addition of the correlator output for each base sequence can be used, otherwise some form of non-coherent method may have to be used. If the frequency error is small to moderate, coherent accumulation can be partially used over a group of symbols, and non-coherent accumulation can be used between the groups.
The missed detection rate without frequency error for ETU 1 Hz channel is shown in Figure 1 for repetitions over 1, 2, 4, and 8 subframes using MCL from 144 to 164 dB. Since it is not feasible to assume zero residual frequency error before time and frequency synchronization has been performed, these results serve only as an illustration of a performance limit using the selected signal structure and receiver architecture. 
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[bookmark: _Ref498691502]Figure 1: Missed detection rate for single RSS occurrence with ETU 1Hz channel profile without frequency error. Coherent accumulation is used.
Figure 2 shows the performance for the same scenarios when a combination of coherent and non-coherent accumulation is used, both with 0 and 500 Hz frequency error as an example. In each subframe, coherent accumulation is performed within each of two groups of 6 and 5 symbols, respectively. The accumulation results are then added non-coherently. As can be seen from the figure, there is only a loss of approximately 0.5 dB due to the 500 Hz frequency error. 
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[bookmark: _Ref498695103]Figure 2: Missed detection rate for single RSS occurrence with ETU 1Hz channel profile without frequency error. Combined coherent and non-coherent accumulation is used.
[bookmark: _GoBack]For larger frequency errors, above 1kHz, the results start to deteriorate. Using assumptions in [8], the maximum frequency error can be as large as 4.5kHz, in which case the phase of the correlation peaks has shifted such that coherent combination is no longer meaningful. One way of resolving this is by having multiple hypothesis assuming frequency errors in larger steps, leaving a residual frequency error that may be in the range of 500-1000Hz, where performance is still acceptable. Note that this rotation does not have to be applied to all received samples, but may be performed on the correlator output before combining them using the applied cover code. It is also possible to make an estimation of the frequency error from subsequent received symbols, and at least partly de-rotate the correlation terms before combining. 
A comparison with using legacy PSS and SSS for resynchronization will now be made. In [9], performance is shown when using correlation with both PSS and SSS. The 90th percentile detection time of 400ms occurs at 1kHz frequency error approximately for SNR=-15.5 dB which corresponds to MCL=157 dB using the assumptions in this contribution, taken from [8]. Since in each radio frame four PSS and SSS are transmitted, the total number of PSS and SSS symbols used is 160. From Figure 2, 8 subframes of RSS transmission is required to achieve 90% detection rate for RSS, which corresponds to only 88 OFDM symbols. This will drastically reduce the total time in which the receiver must be switched on, thereby enabling significant power consumption benefits by using RSS rather than PSS/SSS for resynchronization. 
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Different aspects of the RSS will be studied going forward. This includes the physical layer detection performance, both with and without inter-cell interference, encoding of Cell Id and other cell information, as well as further evaluations with respect to e.g. power consumption and system overhead. 
Conclusion
In this contribution, we have discussed the introduction of a resynchronization signal to help reduce system acquisition time and save UE battery. Initial evaluation results of the performance of one particular RSS design has been presented. Using these results, we made the following observation:
Observation 1	The resynchronization time and power consumption can be significantly reduced by using a resynchronization signal rather than legacy PSS/SSS.

[bookmark: _Hlk498509377]Based on the above observation and the discussion in the paper we make the following proposals: 
Proposal 1	A new enhanced synchronization signal is introduced for the purpose of improving resynchronization performance.
Proposal 2	The resynchronization signal has the following properties:
a.	It is optional for the network, and configurable per cell.
b.	The time/frequency resources for each burst and the periodicity are configurable.
c.	It shall be possible to configure the resynchronization signal such that it is adjusted to the needs imposed by access procedures such as paging monitoring, random access, and RRM measurements.
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